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Figure 8: Example of a grouted micropile (8a) and a helical pile (8b) 

With a relatively small diameter, micropiles have limited lateral capacity compared to larger traditional piles, and 
may require grade beams or bracing to resist lateral loads, including food loads. The bracing must be designed 
to limit defections under food forces when exposed by scour and erosion, or under other conditions of reduced 
lateral soil support such as areas of soft, weak soils, soils with seismic liquefaction potential, or in areas where 
subsurface voids are present. 

A detailed geotechnical investigation must be completed to determine the quality of the bearing soil or rock 
strata, whether grouting is needed to fll voids, and to select an installation method (i.e., drilling through rock or 
boulders vs. driving piles through soft material). 

Helical piles are a type of micropile with an auger helix on the end of a slender shaft, which is drilled into the 
ground (Figure 8b). A helical pile is defned in the 2012 IBC as a manufactured steel, deep foundation element 
consisting of a central shaft and one or more helical bearing plates. Each helical bearing plate is formed into a 
screw thread with a uniform defned pitch. 

Helical bearing plates attached to the central shaft act as the bearing surface to resist compressive forces from the 
elevated structure. Increased bearing capacities can be provided by using larger diameter helixes or by attaching 
more piles to the foundation. As with other micropiles, there is little lateral resistance provided by the helical pile 
itself, so resistance must be provided by a strong moment-resisting connection to the foundation. Helical piles 
can be a cost-effective solution to deep/open foundation requirements where access and vertical and horizontal 
clearances are limited. 

Design Considerations 

To successfully elevate a home on an open foundation, site-specifc conditions must be identifed. Once the site-
specifc conditions are identifed and evaluated, a proper design can then be implemented. 
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Site-Specifc Design Considerations for Homes Elevated on Open Foundations 

Some of the site-specifc factors that must be considered include soil conditions; the required elevation; the food, 
wind, and seismic loads the building must be designed to resist; and whether the existing home is structurally 
sound enough to elevate-in-place. Table 1 presents design considerations for elevating buildings on open 

Table 1: Design Considerations for Elevating Buildings on Open Foundations in Zone V (and Coastal A Zones) 

Utilities and their controls should be elevated above the 
BFE/ABFE 

Overall 
Category Data Needed Consider 

State 
and local 
requirements 

Structural 
condition of 
home 

Structural strength of load paths. Determine whether 
the home is structurally strong enough to be lifted  

How connections can be improved to strengthen the home 

Structural strength of the existing footings. Determine 
whether the footings are adequate for the proposed 
modifcation 

How the footings can be strengthened or replaced 

Geotechnical 
condition of 
site 

Potential for exposure to water or salt-laden air Provide corrosion protection if needed 

Anchors should be galvanized or grouted underground to 
mitigate corrosion 

Where there are corrosive soils or a shallow variable 
groundwater table and the micropile is subject to increased 
corrosion, micropiles should be fully grouted 

Access, 
horizontal 
and vertical 
clearance on 
the lot 

Availability of access for large construction equipment 
to the lot or possibility of temporarily relocating the 
home 

Traditional driven-pile foundations are often preferred if 
there is enough room to temporarily move the home while 
the new open foundation is constructed. 

Adequacy of horizontal and vertical clearances and 
access 

Pile-driving technologies are available depending on site 
constraints, including low-head-room rigs or hammers, to 
elevate the home in place. These technologies are typically 
associated with micropiles 

When buildings are very close together, excavating to 
construct columns/piers with spread footings or grade 
beams could adversely affect neighboring buildings 

When buildings are very close together, lifting beams may 
not have required clearance for installation 

Basements 
and 
crawlspaces 

Presence of a basement or crawlspace Basements must be flled in if NFIP compliance is required 
or desired 

Existing basement or crawl space walls must be analyzed 
to determine if additional reinforcement is required to resist 
design loads associated with elevating the building, as well 
as the loads of the design level event 

Utilities Presence of utilities located below the BFE/ABFE; 
utilities  include mechanical, electrical, and  plumbing 
(MEP) and heating, ventilation and air conditioning 
(HVAC) equipment 

          

 

 

 

State and local building code requirements 

Local  food ordinance requirements 

Zoning ordinance requirements BFE or ABFE, if 
applicable 

Natural resources conservation regulations 

Determine whether a shallow foundation is feasible 

Open foundations are required in Zone V 

For new homes and homes that have sustained Substantial 
Damage or will be Substantially Improved, open foundations 
including piers, columns, and piles, and micropiles may be 
used 

Elevating to (or above) the BFE/ABFE will help protect the 
home in future storms and reduce food insurance costs 

Piers/Columns are appropriate for shallow foundations 

Determine whether a deep foundation is required Piles, piers/columns and micropiles are appropriate for 
deep foundations 

Predicted food conditions, including the effects of Piling and Pier/Column foundations with footings and grade 
scour and long-term erosion beams can be designed to withstand 3-foot wave loads, but 

may fail if erosion and scour undermine the foundation 

Micropile foundations may not be able to withstand lateral 
loads when exposed by scour and erosion 

Elevation of the water table Grade beams can be elevated above the water table, 
but the pile or pier/column must be designed to resist 
cantilever action, moments, and defection at the top. 
Deeper embedment  may be necessary 
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foundations. Once all of this information has been evaluated, the design professional will be able to prepare cost 
estimates to determine which foundation design is the best value. Table 2 presents relative costs and a number of 
considerations associated with elevating homes on different foundation types. 

Table 2: Comparison of Relative Costs and Considerations Associated with Elevating Homes on Alternative Open 
Foundations in Tight, Narrow Lots 

Consideration Column/Pier Foundation Traditional Pile Foundation Micropile Foundation 

Requires moving home off 
No Yes No

footprint 

Elevate-in-place Yes No Yes 

Impacts to neighboring properties Medium to High High Low 

Cost 

Foundation $ $$$ $$ 

Foundation connection $$ $ $$ 

Elevation $$ $$$ $$ 

Ease of installation Yes Maybe Yes 

Design basis IBC1/ASCE 24/FEMA P-552 IBC1/ASCE 24/FEMA P-552 IBC1/ASCE 24/ FEMA P-552/ 
FHWA NHI-05-0393 

1 IBC = International Building Code 
2 FEMA P-55, Coastal Construction Manual (2011) 
3 FHWA, Micropile Design and Construction Guidelines Manual (2005) 

Open Foundation and Elevation Design Process 

The design process for elevating homes on open foundations is shown in Figure 9. 

Pile design: Pile design requires some additional steps. 

•	 Remove existing structure to allow access for pile-driving equipment 

•	 Determine pile depth based on pile load and soil strata 

•	 Determine pile spacing based on pile capacity, building loads, and span capacity of the building and grade 
beams 

•	 Achieve lateral capacity by increasing the number of piles or by properly connecting batter piles/anchors to 
the piles and footings with a pile cap 

•	 Design the new access to the building and utility extensions 

Micropile installation: Contractor qualifcations should be specifed prior to bidding elevation projects. 
Qualifcations should include prior experience, bonding/insurance, licensure, and familiarity with local 
construction and soil types. To ensure the foundation is installed properly, micropile installation should 
be supervised by an experienced contractor who has recently completed similar projects in similar soils. 
Geotechnical conditions can vary greatly across one property and an experienced contractor will be able to 
make feld decisions when obstructions, refusal, voids, soft soils, and other unanticipated subsurface conditions 
are encountered. To be successful, micropiles must be installed with an adequate embedment and must be able 
to resist the load capacity. Load testing of piles is recommended to verify design calculations and the adequacy 
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1 Perform a field investigation and data review 

+ 
2 Determine whether the home can be elevated 

+ 
3 Determine applicable codes and local 

floodplain requirements 

+ 
4 Establish uplift, lateral, gravity, and seismic 

loads 

+ 
5 Estimate the lifting load of the house 

• 
6 Identify the best location for the principal lift 

beams, lateral support beams, and framing 
lumber and evaluate their adequacy 

+ 
7 Determine whether the building can withstand 

design forces (uplift, lateral, gravity, seismic) 

• 
8 Design connections to enable load paths to 

adequately carry the expected design loads 
to the ground 

• 
9 Analyze the existing foundation strength and 

engineering parameters 

+ 
10 Design the foundation, pile/pier connections, 

and grade beam to adequately carry the 
expected design loads 

+ 
11 Obtain all required permits and approvals 

• 
12 Ensure all utility hook-ups are designed 

(plumbing, phone, electrical, cable, 
and mechanical) 

Figure 9: 12-step design process for elevating 
homes 

of a contractor’s installation methods. Regardless of the 
resistance measured during installation or through load 
testing, the minimum embedment depth specifed by the 
design professional must be satisfed for the pile to perform 
as designed. 

Useful Links and Resources 

Publications 

•	 ASCE (American Society of Civil Engineers). ASCE 24, 
Flood Resistant Design and Construction. 

•	 ASCE. ASCE 7, Minimum Design Loads for Buildings and 
Other Structures. 

FEMA (Federal Emergency Management Agency). 2008. 
FEMA NFIP Technical Bulletin 1, Openings in Foundation 
Walls and Walls of Enclosures. Available at http://www.fema. 
gov/library/viewRecord.do?id=1579.

 FEMA. 2008. FEMA NFIP Technical Bulletin 2, Flood 
Damage Resistant Materials Requirements. Available at http:// 
www.fema.gov/library/viewRecord.do?id=1580. 

FEMA. 2008. FEMA NFIP Technical Bulletin 5, Free of 
Obstruction Requirements. Available at http://www.fema.gov/ 
library/viewRecord.do?id=1718. 

FEMA. 2008. FEMA NFIP Technical Bulletin 9, Design 
and Construction Guidance for Breakaway Walls. Available at 
http://www.fema.gov/library/viewRecord.do?id=1722. 

FEMA. 2009. Homeowner’s Guide to Retroftting. FEMA P-312. 
Available at http://www.fema.gov/library/viewRecord. 
do?id=1420. 

FEMA. 2009. Mitigation Assessment Team Report: Hurricane 
Ike in Texas and Louisiana. FEMA P-757. Available at https:// 
www.fema.gov/library/viewRecord.do?id=3577. 

FEMA. 2009. Hurricane Ike Recovery Advisories. Available 
at http://www.fema.gov/library/viewRecord.do?id=3539. 

FEMA. 2009. Recommended Residential Construction for Coastal 
Areas Building on Strong and Safe Foundations. FEMA P-550. 
Available at http://www.fema.gov/library/viewRecord. 
do?id=1853. 

FEMA. 2010. Substantial Improvement/Substantial Damage Desk 
Reference. FEMA P-758. Available at http://www.fema.gov/ 
library/viewRecord.do?id=4160. 

FEMA. 2011. Coastal Construction Manual. FEMA P-55. 
Available at http://www.fema.gov/library/viewRecord.do?fr 
omSearch=fromsearch&id=1671. 
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FEMA. 2012. Changes in the Flood Insurance Program: Preliminary Considerations for Rebuilding. Available at 
http://www.dec.ny.gov/docs/water_pdf/fpmfemacfp.pdf. 

FEMA. 2012. Comparison of Select NFIP and Building Code Requirements for Special Flood Hazard Areas. FEMA Quick 
Reference Guide. Available at http://www.fema.gov/library/viewRecord.do?id=5701. 

FEMA. 2012. Engineering Principles and Practices of Retroftting Floodprone Residential Structures. FEMA P-259. Available 
at http://www.fema.gov/library/viewRecord.do?id=1645. 

FEMA. 2013. Flood Insurance Reform Act of 2012: Impact of changes to the NFIP. Available at http://www.fema.gov/ 
library/viewRecord.do?id=7187. 

FEMA. 2013. Hurricane Sandy Recovery Advisories and Fact Sheets. Available at http://www.fema.gov/building-
science/hurricane-sandy-building-science-activities-resources. 

•	 RA1: Improving Connections in Elevated Coastal Residential Buildings 

•	 RA3: Restoring Mechanical, Electrical and Plumbing Systems in Non-Substantially Damaged Residential Buildings 

•	 RA5: Designing for Flood Levels Above the Base Flood Elevation 

FHWA (Federal Highway Administration). 2005. 
Micropile Design and Construction Guidelines Manual, 

For more information, see the FEMA Building FHWA NHI-05-039. 
Science Frequently Asked Questions Web site at 
http://www.fema.gov/frequently-asked-questions.ICC (International Code Council). 2012. International 

Building Code. Country Club Hills, IL. If you have any additional questions on FEMA 
Building Science Publications, contact the helpline 

ICC. 2012. International Residential Code for One- and Two- at FEMA-Buildingsciencehelp@fema.dhs.gov or 

Family Dwellings. Country Club Hills, IL. 866 927 2104. 

You may also sign up for the FEMA Building 
Web Sites Science e mail subscription, which is updated with 

publication releases and FEMA Building Science 
Deep Foundation Institute, http://www.df.org/ activities. Subscribe at https://public.govdelivery. 
default.asp com/accounts/USDHSFEMA/subscriber/new?topic_ 

id=USDHSFEMA_193. 
International Association of Certifed Home 

Visit the Building Science Branch of the Risk Inspectors, house raising, http://www.nachi.org/ 
Reduction Division at FEMA s Federal Insurance and 

house-raising.htm Mitigation Administration at http://www.fema.gov/ 
building-science. 

International Association of Structural Movers, 
http://www.iasm.org/index.html 

To order publications, contact the FEMA Distribution Information on FEMA FIRMs, www.msc.gov and 
Center: www.foodsmart.gov 

Call: 1-800-480-2520 
Post-Hurricane Sandy ABFE maps for parts of New York (Monday–Friday, 8 a.m.–5 p.m., EST) 

and New Jersey, www.region2coastal.com/sandy/abfe Fax: 240-699-0525 

E-mail: 
FEMA-Publications-Warehouse@fema.dhs.gov 

Additional FEMA documents can 
be found in the FEMA Library at 
http://www.fema.gov/library. 

Please scan this QR code to visit the 
FEMA Building Science Web page. 
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